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ADVANCE ANNOUNCEMENT 


Those contemplating the purchase of a plane for private or commercial use* will be 
interested in the new 


1921 Model “ORENCO TOURISTER”, 


a development of the record breaking ORENCO T' 3 ^pe F which flew to 17,000 feet with four 
passengers, with only n 150 H.P. Wrirfit-Hispano engine. 

The new F-4 carries four or five passengers. Moderately priced and inexpensively maiatained. Side 
door to cockpit — increased radius of action. Prompt deliveries assured. Cmnpleta information tent 
upon request together with interesting catalogue descnbing in detail the rarious ORENCO military 
and commercial types. 


^^ABROPLAMES^^ 

THE ORDNANCE ENGINEERING CORPORATION, ISO BROADWAY, NEW YORK CITY 

Cofilrodors to the United Stales Cevemmefit 


FORMER ARMY AND NAVY FLIERS 

A Message 

On you rests, to a large extent, the hope of 
this Country obtaining and maintedning com- 
mercial and military supren^cy in the ^air. 



Keep in touch with our Distributors 
and Dealers in your territory, and see 
whether it will not be possible for 
you too to keep your hand in. 


CURTISS AEROPLANE & MOTOR CORPORATION 


GARDEN on, LONG ISLAND, N. Y. 
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Bi<it Inrited on Amphibious Paseenger Planes 

O UR naders’ attention is drawn to a note appearing ij 
Oiis issue, r^arding bids asked for anpbibions pasaen 
ger airplanes. The first of the ' 

^d. is to be luxed nuunl; for the p 

of the plane, although v 
;psMk« may also foUow. 


udered as a mie, bat the effects of al 


a needs hardly be eon- 



«f yaebta and motor boats, bat the n 

os the fact that aviation is ap- 
the conditions foand in the ahipboilding 
Uastry. We believe that this is qnite 
BKiaft indostiy. 


Warping of Monoplane Wings 

A BECBNT report of the National Advisory Committee 
for Aeronanties investigates the imporisnee of distor- 
tion effeeta in the wings of an airplane under differing 
Ucetioos of front and rear spars. For a biplane witii stag- 
p or incidence wires this is shown to be unimportant. For 
SBonoplane braced with rigid-stmts, but with a large over- 
ksag the effect may be vesy important, and may explain 
me otbersise myateiions failures with monoplaiieB of appar- 
atfy enormous strength. For intemaUy braced monoplanea, 
onping or distortional effeeta will have to be watched even 
•ore carefully. Some form of eonstmetion will have to be 
(depted whereby these effects can be adequately . 


Effect of Engine i 


I Control 


A RECENT paper by Squadron-Leader R. M. HiU, a w^l- 
fenowD and experieneed pilot emphasuea the neoessity 
of eonsidering the stability and control of the airplane 
< dneet relation to the engine, or more correctly of the pro- 
eDec nod slip stream the propeller being actuated by 

Dealers have very often been satisfied that they have 
"tad adequate stability and control on purely aerodyuamic 
pnaads, basing their conclnaons on aerodynamic calculations 
' on tests in the wind-tunnel. 

Besults in the air have been dinppointing at times in spile 
«( arefol and sound work when the effect of the engine ou 
tnic ''ontrol has been neglected. 

are two most important relationshipa between the 
d the <-ontrol and stability system. First tbe position 
■ru--' a.'cis relative to tbe center of gravity of tbe 
se<'''nd the presence or absence of the slipstream and 
on the tail. The first is generally of small import- 


Acting on tbe fin, which practical design considentioaE 
almo^ always prevmit being disposed aymmstriesUy in the 
of the slip-stream may piodnee 
n tiie plane as a whole by its 
on tbe fin. This taming tendency is 
to be dne to tbe toiqae reaction of the 
engine, and capable of being removed by a wash-in or wasb- 
ont on tbe tips of tbe wings. This certainly will take care 
of the torque reaction bnt it can hardly counteract the taming 
tendency of tbe fin. If this is really violent as ia tbe case in 
some planes, it seems advisable to change the vertical dispo- 
tition of tbe fin area, by patting some of the fin ares below 
the body for instance, or making tbe fin narrower and higher, 
or by joggling with the shape of tbe mdder. To use shock- 
absorbers on the rudder bar seems scarcely satisfactory. 
Sometimes an increase in propdler diameter will help tinee 
this may decrease tbe velocity of the slip-stream or spreading 
tbe slip-stream over s laigm' area eaose the "effect on the fin 
to be lees. 

Again the sUp-stienm acting on the horixontal tail-area may 
niake a machine taibheavy when the'ragine is on by inereasiag 
the negative tali load on the’ tml. The remedy here wonid 
seem to be to give the tail less, negotive setting than wind- 
tunnel tests for calcnlations would indicate. The adjustable 
stabilizer is of coarse a pqwerfat eorreetive, provided its 
range of action is large enougfa, but this is not as d^ant a 
method as tbe perfect trim of a niachine obtained by due 
allowance for slip-stream. 

With' tbe familiarity bred of long practice, and wiUi the 
confidence which sncecssfal flying by sfcillfnl pilots ensoree for 
machines not quite np to the standard of control obtainable, 
designers are apt to neg 
much importance thty may have ( 
a practical aviator draws special attention to Uiem, it may be 
safely concluded that it ia not posdble to negleet these points 
in the best interests of tbe art. 


a piv 


r Helicopter 
X a photograph w 


J. the Lcinweber H^eopter 

Chicago newspapers annonee that secret bnt sneeessful 
teste have been made at the Speedway Park, with a maobine 
equipped with two Cnome motors of 100 horsepower each 
turning two ten-foot three bisded propellers of special design. 

It is under->tood that in order to obtain varying conditions 
of flight, the propellers are fitted by means of an ingenious 
system of valves and compressed air. 

The machine tested is «mly built for experimental purposes, 
and many refinements are to be introduced later, 
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An American Engine for Altitude Work 

O fgf off with It beat 


By Colonel Jeeee G. Vincent 

>'ic« Pretidmi of Enginwbu. Pochard Molar ( 

One of the first Ameriean airplane ent^es especially fic- output even at ei 
signed tor work in high nltitiidn baa recently been eumpleted Ihermal effieieney. 
for the United States Army Air Service and is known as the In the second place, since 
Packard "1237”. Preliminary testa of (his engine have been work at high altitudes, it ii 
extraaely satisfactory and indicate that its performance will lai^tvr in proportion to the 


isiderablo heights due to the improved 


eonaderably exceed the specifications laid dunn when the 
design was undertaken and will be particularly (ileasing nt sea Icvi 
the higher altitudes. engine 

Although it is a well-known fact that airplane mgines are stresses 
used fully 90 per cent of the time st altitudes aben-e S,000 ft., normal 
it nevertbdess, been the practice in the past to judge such "oversii 
engines almoet entirely on the basis of their gmnnd pmorm- 
anee. Thia has reanlted in a tendency to dcaign these engines 
for moat eflScient work at the low altitndes at which they are 
used only in the first ten or fifteen minutes of a flight. In 
thia engine for the first time in this country, an effort has been 
made to provide featores that mi^t not be wholly satisfac- 
tory on the ground but that woud become nnosnally so at 
points above 6,000 ft. 

It was more than natnnl that engines should be jndged hy 
their ground performance, consideiing the difiienlties of es- 
timating on the gronnd the conditions of a higher atmosphere, by increasing 
However, as onr experience with airplane engines in flight in, laigcr in diameter 
increased, we have been forced to the conclusion that engines operation at altitudes 
shontd practically be designed for altitude work and not for ”” ' 

ground perfoimance. 

The decrease of barometric piessarv st higti altitudes is, 
of course, responsible for the neceasiCy of a special engine 


• working parts, as tb 
1 these pans are tar less than would bs the case at 
w'ith cylinders of (he same sise. So thia altitndi 
designed with cylinders laige enough to bring ' 


level engine. In other words, the engine 


The Packard "1237” is based upon the design for thi 
Packard type ”1116'* wdiich was one of the most sueeeuafd 
post-war aircraft engines designed. This engine incorporate! 

addition to being extremely economieol and reliable, was o 
of the smoothest airplane engines ever built, running wi 
exceptional freedom from vibration up to speeda in excess 
2,400 r-p-m. 

After the njeehanieal features of this engine were thoronglil} 
proved, it was decided to put the finishing touch to the dcsigt 

' • ■ • - • gjij making the cylinders y, 

1 view to obtaining efficient of 
before obtained with such aiP 
. ^ y done, raisiiig the cylinder dial 

It had originally been decided not to attempt 
engine on full throttle at sea level since the increased stresses 


IlHM 


tstes greet exertion. The same 
thing is, true in the ease of the airplane engine. It its 
respiratory organs are designed to deal with sea level condi- 
tions. it w^l not breathe easily at high altitudes, nor will it be 
cs|>ab1e of turning out as much w*ork as it would if designed 
primarily for hi(A altitude work. 

*ro increase the efficiency of tin- niri>lane engine at h^rb 

ratio. The real reason for the loss of power with the increase 
in altitude is that the air becomes thinner and the weight of 
furl which can be consumed with a Certain volume of air is 
correspondingly reduced with a resultant Idea in power output. 
By higher compression it beeomes (Kiasible to maintain the 


I pACKAitn 1237 Exoise 

K- might be more then tbe engine could be expected to stand. Il 

>l had been tbe intention, of course, to supply the engine with > 

le safety stop on the throttle nntil an altitude of at least 6,00t 
ft. should be reached; then tbe tlirottle could be of^ed wide 
However, the engine behaved so well in its trial run oe 
the dynamometer that it was decided to attempt a wide opm 
throttle run. The results were e.vtreuiely gratifying and Qu 
engine showed itself capable of being run under these condr 
tions at speeds in excess of 2400 r.p.m, A maximum of 4W 
bp. was develnv<ed although the engine was originally designs^ 
for only .300 hp. This run was made on ordinary aviaf'* 
gasoline and the engine did not. suffer from either pre-igriit 
or detonntinn. This is in marked contrast to somewhat eim: 
oversize engines eonstnicted in Germany which cannot be i 
wide o|>en near the ground except w-itb doped fueis. 

While it is not mtended that tlie “12.37” engine is to be i 


rod and all bearings are carefully proportioned to give noi- 
form life. Tbe crank cheeks are of aectdon wbieh gives 
takiag off with a heavily loaded machine and it is expee- the best eombination of r^di^ with mitimmm weight. The 
tad that this engine will prove very popular for commercial as diameter of the main bearings is 2% in. and tbe lesigth d the 
»dl as for Army and Kavy machinas. bearings is as follows: 

No. 1—1% in. 

Nos. 2, 3, 6 and 6—1% in. 

No. 4—3 in. 

Ko. 7—4.438 in. 

The connecting n>ds are of the straddle type, suitably pro- 
portioned. The pistons are of aluminum slloy, die cart and 
equipped with floating piston rings. Three compression linp 
are fltied above the piston pin ai^ one scraper ring below it 
This scraper ring and its gmve have proven in actual service 
to be extremely efficient in- preventing excessive oil pumping. 
The standard compression ratio is 6% to 1, bnt pistons giving 
a eomprrasion ratio of 5% to 1 can be fnrnh' ' ' ' 

altitude work. The propeller bob is of the deb 
and is carefully designed to prevent tbe propeUei 


The ebangee in the engine design, it will be observed, give 
shnost as mocb power for this engine as for the famous 
fsberty engine, which was over 100 lb. heavier. The advan- 
of tbi-i are obvious. It is possible to ran this engine 
for comparatively heavy dnty at low altitudes and to take off 
with a maehine with very hravy loads. It is possible also to 
t such an engine in an extremely light speed plane and 



will be particularly valuable in servi 
Post ■-Iffloo Department where it is freqnenUy necessary to 
sttaiii considerable heights in order to rise above storms at 
lower altitudes and to miuntain that height with fairly heavy 

Ami "1237” follows the genera! linm of the Packard aircraft 
engines as developed since the war and as a result of lessons 
kamiil during the struggle. It is of the twin-six type with 
the Under bank srt at an included angle of 60 dog. with over- 
hea>l valve^ of coarse, and with an arrangement of accessories 
Whirli has bean worked out to give the greatest posrible acces- 
sibility. The bore is 6 In. and the stroke 8% in., and the 


2 in. in diameter in tbe clear with 30 deg. 
seats, the intake valve lift being 7/16 in. and tbe exhanst 
% in. Tbe cam shaft and roefceT arm assemblies are of the 
enclosed type developed by Packard end need so saeeeaafnUy 
to the So^^jm^ w^ow,J^ ^ to ^ 

ometer drive is provided on 'the end of each earn shaft, per- 



A.TION 


the instmUation of a tac^hometer in eaeh of the two 
eock pita, if deaired. 

The lubricating ^atcm ia fall p i nsau re feed, oiicratinft with 
a dry pomp and it eontaina many improvemenU dictated by 
loni; experience. The oil pump and oil screens are readily 
aceeoaible for examination and adjuatmmit. A tapped boss 


The standard engine has provisions for taking the followmg 
accessory equipment without any ebanges; rear end electrie 

drive. 

The utmost pains have been taken in all ways to insure 
accessibility of the working parts and to permit ease of in. 



ia provided in the crank case to serve for the oil tank vent. 
The engine is designed especially for the use of a nose radia- 
tor but is equally adaptable to any other type of radiator. 
Tbe water pump is located under the rear end of the engine 
and the water ontlel connections can be carried to four differ- 
ent directions, depending on the installation requirements, 
without any chai^^ in the standard en^ne. A tapped boss 
is provided for the inserUon of a standard distant type ther- 
mometer to reguter the outlet water temperature. 

The engine U equipped with a single duplex Packard Zenith 
carburetor of the single Venturi type mounted nndemeath the 
engine. In addition to making it very accessible, this pro- 
vides for gravity feed. It also insura tbe greatest possible 
protection from Are, all vents being carried outside of the 
cowling so as to eliminate any possibility of fire from back 
Are. The use of a single float chamber for a mnltiple cylinder 
engine has been found to give the best results from the stand- 
iraint of uniform distribution and maximom economy. The 
single carburetor was something of an experiment but the 
dinoulty of synchronizing two or four carburetors for throttle 
as well as altitude control was so great that it was decided to 
make the attempt, since it, of course, obviates these difficulties. 
Data which tests have given ns in regard to power output, 
gaaoline economy and inlet manifold depreamon, show a very 
saUsfaetoiy leanlt and I think it extremely doubtful whether 
two or four earbnretors could have given as good results. 

The location of tbe carburetor, in addition to its greatiir 
Boeesaibility and safety from Ore hazard, is also a great ad- 

» jjjg of installation and maintenance. 

y feed simplifies the whole system and the change 
e which certainly should commend itself at once to the 
airplane engine designers. 

An improved design of mixture control valve of tbe UcCook 
Field type ia used which gives unif ' - 


stallation. As a result the engine is believed to be in these 
res)>ects the most successful of any of its typo yet bnilt. 

Tbe total weight of the engine, dry, ia 736 lb. and on tbe 
maximum development of 398 hp. output this gives a weight 
of 1.B5 lb. per hp. The gasoline consumption with wide open 
throttle averages almost exactly ^ Ib. of fnri per horsepower 
iipanying graph gives further details in r^ard 


The gravity fi 


a of two 12 cylinder 
i spark advance. A Vernier type 
magneto coupling permits the magnetos bring properly set 
and synchronized in a minunum length of time. The magne- 
tos are interchangeable, that is, they revolve in the same di- 
rection. Complete double ignition to two aets of aparfc plugs 
IS provided and tbe engine sriU function properly on either 




-Statical Longitudinal Stability of Airplat 

ThU report (N.A.C.A. No. 96), which is a 
the “Preliminary Keport on Free Plight Testing” (No. 70), 
presents a detailed theoretical analvsis of statical stability 
with free and locked controls and also the resulU of many free 
flight tests on several types of machines. 

In developing the theory of sUbUity with locked controls an 
expression for pitching moment is derived in simple terms by 
considering the total moment as the stun of the moments due 
to wings and taU surface. This expression, when differentiated 
with respect to angle of incidence, enables an analysis to be 
made of the factors contributing to the pitching moment. Tbe 
effects of slip-stream and down-wash are also considered and 
it U concluded that tbe C. O. location has hut sUght effect on 
sUbility, and that stebilit}- is much improved by increasmg 
the efficiency of the tail surfaces, which may be done by using 
an “inverted” tail plane. 

The results of free Bight tests with locked controls are dis- 
cussed at length and it is shown that the 


isions to be drawn, one of which is that tbe fixed 
tail surfaces should be much larger than the movable surfaces. 

The discussion of flight testa with free controls covers tbs 
effect of C. Q. porition. toil setting and slip stream on the 
JN-4H end gives an analysis of the curves of forces on control 
stick for the VE-7, U.S.A.C-11, and Martin transport. 


Two Years’ Work at McCook Field 


The functions of the Engineering Division, Air Service, 
een be outlined as follows : 

To design, develop, and test all airplanes, airplane engines, 
aoceesori^ and materials to meet tbe requirements of the 
Air Service; to prepare production drawings, specifications, 
and, where necesasiy, models of all aeronautical equipment 
'st and supervise the experimental 
of _sll aeronautical equipment 
ice by the 


tor production; 

bring designed and constructed for the Ai 
seronauticaJ industry. 

ITorfc accomplUhtd /pom July, 191*. to July, 1920 
' AlRPLAMEti 

TXPK I. SINOLE-SKATBR, pmSOlT 

1. E’lgineeHnff Division, Model FCP-I.— Construction and 
tests completed and developments and improvements pro- 
gressing. 

2. ThomtV’Morse, Model AfB-5. — Four experimental air- 
planes delivered by Tbomas-Morse Airrraft Corp., under 
contract. Tests and necessary improvements and developments 
completed and incorporated in the oontraet for fifty airplanes 
bring built by the Thomas-Morse Aircraft Corp., under con- 
tract dated June 19, 1920. 

3. Ordnance Enffineering, Model Orenca i>.— Four experi- 
mental airplanes, delivered by the Ordnance Engineering 
Corp.. under contract. Tests snd necessary improvements and 
developments completed and incorporated in contract for 
fifty airplanes, being bnilt by the Cnrtias Airplane Corp., 
under contract dated June 16, 1920. 

4. Vought, Model VES . — Two ex|>erimeotaI airplanes, 
delivered by tlie Lewis & Vought Corp, under contract. Tests 
and development nearly completed. 

5. Ordnance Model D-Z . — Contract for three experimental 
airplanes let with the Ordnance Engineering Corp., April 23, 
1920, Supervision and inspection of derign and construction 
being maintained. 

0. Laming Monoplane, Scout . — Contract for three experi- 
mental airplanes let with tbe Locning Aeronautical Enginering 
Corp., April 10, 1920. Supervision and inspection of design 


airplan 


•e powered with Wright 300 hp. 


1. Curtiss Model . — Contract fo 
planes let with the Curtiss Airplane and Motors Corp,, Feb. 
23. 1920. Liberty, 220 hp., 6-eylinder engine used. Super- 
vision and inspection of design and construction being main- 
tained. The preliminary layout and design of this type waa 
prepared by the Enpneering Division. 

TTM! III. COMB.CT PTSStTlT SIKQLB-SEATEB. (Aia-OOOLBD INGINB) 

Several preliminary layouts of design propaiud by Engin- 
eering Division, Experimentsi constraction temporarily sus- 
pended until suitable engine is developed. 


1. Engineering division model OPX . — Preliminary layout 
and design prepared by Engineering Division. Experimental 
construction tempqrarily suspended until Wrigbt 300 hp. 


1, Engi 

and tested bv f _ 

daetion. The Wright 300 hp. Model 1 
airplane. 

1- Engineering division model 6AS . — 
and tested by Engineering Division, 
production of ten snch airplanes was let with the Boeing Ail 
plane Co., June 16, 1020. Two Libertv 400 hp. 12-eylinde 
engines used in this ^pe. 

TTI-S VII. ARMORED INFAilTRr tIAISON 1 


sign and construction maintained. One Liberty 400 hp. 12- 
cylinder engine used in this type. 

2. Lepers model QH~11 . — This model with Liberty 400 hp, 
12-cylinder engine being tasted and developed. 

TTFE vni, WIGHT OBSZRVATTOW TWO-SEATBR 
1. Engineering divieion model XB-3A... — Derigned, Oou- 
' >d and tested by Eogineering Division and made ready 




3AST ABT1LLZST 0 


E TmtEE-SEATER 

Preliminary study and design made. 

TVWB X. CORPS OBS&RVATIOW TWO-flEATER 

1. Engineering divieion model XS-IA. — Demgned, con- 
structed and tested by Engineering Divirion and made raadv 
for production. A contract for the production of forty air- 
planes let with the Dayton-Wright Airplane Co., June 28. 
1920. 

2. Empire alUmelal model . — Contract for three experimental 
airplanes let with the Empire Metal Aircraft Corp., Jane 28, 

1919. Snpervirion and inspection maintained by the engin- 
eering division. The first airplane ready for delivery, 

3. Lepere U. 8. A. C.-ll . — Engineering divirion installed 
the Moss supercharger in this airplane, resulting in the at- 
tainment of remarkable performances. 

TTPB XI. DAT BOMBARDICEKT 

1, Engineering division model U. S. D.-9A . — Developed and 
ready for production. 

TTPC XII. WIGHT BOHBABDMEWT (SHORT DISTAWCB) 

1. Jfartin bomber . — Designed and constructed by Glenn L. 
Martin Co. and tested, developed and made ready for produc- 
tion by Engineering division. A contract was let June 9, 

1920, for the construction of twenty airplanes of this type 
by the Glenn L. Martin Co. 

TYPE XIII. WIGHT BOUBARDUEWT (LONG DISTANCE) 

1. Engineering dttnrion model Barling . — Designed by en- 
gineering divirion. A contract for the construction of two 
experimental airplanes of this type was let Jane 23, 1920. 
with the Wittemann-Lewis Co. This type uses six Liberty 400 
hp. 12-cylinder engines and carries a useful load of approxi- 
mately 18,000 Ib. 

TYPE XIV. TRAINING (AIR-COOUtD ENGINE) 

1. Tfuff'Daiand model . — Contraet for tbe construction of 
three experimental airplanes let with Huff-Daland Co. June 
4, 1920. 

2. Eliae model ,. — Contract for construction of thrOe exper- 
imeutal airplanes let with O. Elias A Bros. June 28, 1020. 

3. Engineering division model XT-1, XT-2. — Preliminar}- 
layout and mockup made by engineering division. 

The above types will use the Lswrance 140 bp. radial air- 
cooled en^ne now being developed for tbe engineering 
di virion. 

TYPE XV. TRAINING (WATEB-OOOUID ENGINE) 

1. Engineering divison model XT-3 . — Design and experi- 
mental airplanes being bnilt by engineering divirion. Thu 
Liberty 220 hp. 6-cyIinder engine used in this type. 

2. Vought model VE-7 . — This type designed and construc- 
ted by Lewis A ITongfat Airplane Co. and tested, devrioped 
and made ready for production by the engineering division. 

3. Curlus JN Models. — Design^ and construct^ by Curtisi 
Airplane Co. and tested, develop^ and made ready for pro- 
duction by the Engineering Division. 

TCDS ARMY AWn COAST 
_ . . EILl-ANCE 

r and derign by Engineering Division ineorporatin;; 

' lir-tight compartment features. 
MlSCBLnAHEOCa TYPES 

,.....'ring Division Model VCP-B. — Offleiri D. &. 

Govenunent ent^ in tbe Gordon Bennett international cup 
race. Tbe Model VCP-1 modified to take the Packard 660 
bp. engine. Spe^ of 190 m.p.h. anticipated. 

2. Engineering JXvision ambulance . — A OB-4 airplane 
mo^fied to carry two litters and the pilot and surgeou for 
emergency transportation by air. 


L 
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FAniuy 28, 1031 


3. S»sin*»rwg Divition m«u«Np«r. — For dispsteb aervies. 
Dongned by EngiBeaing Dirkion. naiiig Iawtuos 3-oyUndor 
60 bp. en^De. Coatnot let wHb Lawrence Speny Alicraft 
Co^ April 14, 1920. for tbe eonstmetion of fire ezperimenUI 
eirplenee of tl^ type. 

4. tfiaeeUoneou.—Exbaoetive stady end varioiu leyonte of 
•irplanes t< ' 


e onBlyeU book, a dedgner’s handbook and design 
enans were compiled and distnbnted to airplane doeignera. 

5to(ic (Mlinp and nxlAode. — Static load testa and report 
made on munerona miacellaneons equipment. St 
and repoTta made on eleven types of airplanes. 

IVifid lunnrl ieala.— Thirteen complete mode.. ... .... 
for stability and aerodl’namio properties in wind tunnels. Also 
oomerous wing ecetiona and miacellaneons eqoipmenL 


;spercAarp«n.— Extendve flight tests were condnetsd v 
I Moes snperchaiger installed on tbe Libeorty enpne i] 


InttaOotiont . — Impr 

i^ 

tbe informatioo and gnidance of the ai 

KQCimKT SECrnOK 

oof fanke . — During this period aixty-flve esppri- 

. , tested by the equipment section, 

IS and illostrs^ drawings for produc- 




Inilmmfnta . — Numerons aeronautical instrumenta, inclnd- 
. gaaoline-lovel gauge, a gyroseopic compass, an air oim- 
and oxj^n apparatus were developed and made ready 


for production by the Engineering Divii 

Metal propellers.— Various types constructed by Dioks- 
Luttrell Co., Standard Steel Propeller Co., and Ionia Steel 
Propeller Co., bei^ developed and ma 
by Engineering Division. 

Mieana propellera.— Designed and tested by Engineering 
Divimon. Built by Weatii^honse Electric & Uannfaetnring 


Eleetrieai . — Numerous electrical apparatus were tested a 
developed and made ready for production, inelnding an el< 
trical tachometpr, engine-driven generators for heating, ligi 
ing, radio and ^ytition. 

Electrical engine starters were thoroughly tested, develo): 




irind tunnel reteoreh and Khirling li 


It hangora 

d for service tests, 
designed, bnilt and put into use. 
a designed and made ready for 
ent landing fields whore 


-PLANT nenON 
Liberty enffinee . — A large amount of experimental and 
davdopment work was carried on during this period with the 
Liberty engines. A vacuum oil pressure eontrol, a new valve 
Uppet adjustment, and the inverted Strombeig 
were developed. 

A contract was entered into with the Packard Motor Car Co. 

DH-4 airplane and improving the Liberty 


A field lighting system 

Sght’flytog^r^^*'* 

Paraehules . — A large number of test parachute drops wen 
' c design of paraehnte for nse by all flyint 

-Exhaustive t 


with wirelesB telephone and telegraph apparatus and t 
' Atallation and operation in aircraft. 

PItotoyraphic.— Both t' ^ 


Hitpano-Suita eeyieca.— A large a 
and devetopment work on tbeea engines ' 
during Ibis period, resulting in tbe improvem 

rki. Mctna 

1 test- 

n and formgn design and 

A contract was entered into with tbe Packard Motor Car 
Co. for tbe design and construction of three ^pes of engines; 
(1) An 8-cylinder, V type developiog around 180 bp.-, (2) a 
12-cylinder, V type, developing around 300 hp.; and (3) a 
12-eylinder, V type, developing aroand 550 hp. All types 
were received and tested. Engineering Diviann mode! W, 
an 18-cylinder engine of 700 hp., was completely designed by 
the Engineering Division and practically all parts were started 
in CDDStructioD. Some of tbe parts manofachuad by tbe Bn- 
Diviskm and some by outside manofaeturers. 

-A largo amount of experimental work 
air-coolcd engines. Exhaustive tests 


This section has conducted numerous inveetigations i 
laboratory tests on all raw materials that go into the make 
of aeronantical eqnipment and prepares specifications fo* - 
materiala This work is carried on by the following si 
tions, namely; Chemical, metalluigical, textUee and r 
physical testing, woods, plywoods, glues, 


:hine gnne . — 


A 3-oylinder horsepower engine, de 


was tested and improved 
with the Lawranee Aero 
• 9-oylinder 


, a- radial air-cooled eL„._. _. ... - 

and two contraete were let, one with the Wright Aero- 
nautical Corp. and one with Fr^ A. Weinbeig.- 

covering power-plant 

, , «e, ^ark plugs, — 

•1 systems, and cooling systems. 

.. -e tests in an altitade chamber 


Ordnance Department is re^nsible 
ed desigu of all types of machine guns. 
, however provides for the proper in- 
ition to adapt these guns for their use. 
This has been accomplidied with the following machine guns; 
namely, the Vickers, 11 nun,, .30 eat.; the Browning, .30 cal. 
and .50 cal,; the Marlin, .30 eal. ; and tbe Lewis, .30 cal. 

Flexible mounts.— Extensive work accomplished upon the 
design, construction and development of new types of mounts 
for flexible guns. 

Design has been made and a model eonstrueted for mount- 
ing the .50 .cal. Browning machine gun as a flexible gun. 

STKCiniOtnZIKG 0EVICE8 

Nelaon-gun control — During this period the Engineering 
DiviaioQ accomplished a satisfactory installation and operation 
of this mechanical gun eontrol. 

An electrical synehroniring device wae devised and testi-d 
with satisfactory results. 

Cannon . — A 37 mm. automatic Baldwin cannon was satis- 
factorily mounted and operated from aircraft. 

A 2.95 in. Mountain gun wee installed and tested in a Miir- 
tin Bomber with eatisfactory reenlte. 

Bombe and bombing equipment . — Satisfactory pri^csa 
made in proving the installation and operation of bombing 
equipment 


group, Air Service, 1 


i, aoits end otherwiae preparee for die- 
■ ’ "'--ibnted by the information 
n and guidance of the mil!- 


A VIAT 
of the United 
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tiiy and civilian aeronantical omnizi 
States. 

nriNO SEcnob' 

This sTCtion made approximately two thousand test flirfits 
during this period in determining the air performances of 
' a equipment 


£v 


Tli'» airplane w< 


Kxlianstive teste and construction being oontinued o 
sin'Innes. 

• ImbuUmce airplane . — A Curtiss '-Ea^c'' airplani 
around the Liberty 400 horsepower 12-cvUnder ei '* 
converted for ' ’ 


mtly 


Tin, 

for levte. 

.Itilel 350 horgepouer radial air-cooled engine . — Tbea 
ready for teste. 

.1/«del TFriffhl 300 horeepover coneon engine . — SulBc 
sati.raetory results obtained to warrant the instalUtion oi vu„ 
piu:ine in a singte-seater armored attack airplane. 

I'fickard models, 8-eglinder 160 horsepower, l.S-C3flt»der 
•JO', horeepouer and 12-eylinder 600 koreepotcer cnpiaej.- 
Bi'i'ig tested, developed and made ready for pioductioii. 

/.au-mce 0-eylinider 140 koreepover air-cooled engine.-— 
Bi-iiig assembled at factory for testa. 


s bnilt and is bcini; 


Work accompUthed from hdy. mo. lo Jon, 1921 
AruPLAVRS 

K..^itieen«s dt'oteion model BIT- J.— Experimental con- 
struction started at McCook Field. This airplane to be of 
metal construction and built around ths Packard 300 hp., 
12-cylinder engine. 

Contract let for experfmeotal airplanes of metal eonstruo- 
tion to be built around the new 360 hp. Radial air-cooled 
ragine developed during last fiscal year. 

Delivery of Thomas-Morse Model MB-3 and Ordnance En- 
gineering Model Oreneo D airplanes being made end tested 
for service use. 

Contract 1st for aingle-seater armored attack airplane of 
metal construction to be built around the Wright 300 hp. 
Cannon engine developed last fiscal year. 

Ktinineering divieion model C. O. 1 . — An internally braced 
monoplane of metal construction bnilt around the Libertv 
400 hp., 12-cylinder engine started at McCook Field. 

Knyineering division model C. 0. 2 . — An experimental 
• biplane of metal construction built around the Libertv 400 
lip.. 12-cyIinder engine started at McCook Field. 

XB-l-A type . — Delivery being made of this tj-pe ordered on 
contract in June, 1920. These are being tested for service use. 


Miearta propellers for laberty migines beii^ delivered a 
CqiTIPlCBNT 

Leak-proof tanks, instruments, eteetneal apparatus, paj 
ebute^ radio and photographic apparatus, having paa 
experimental stages during the last fisc^ year, are being pi 
dneed for -- -- - 
Develop] 
ment, witii 
in mind. 


Contract let for experimental construction of internally 
braced monoplane of metal eonstruction to be built around the 
Engineering Division model 700 horsepower “W” engine. 

Contract let for experimental construction of wings only 
of the three Liberty internally braced monoplanea of metal 
construction, Tbe contract for complete airplanes of this 
tyiie suspended until results of wing cons^etion is de- 
termined. 

Delivery of Martin bombers contracted for June 9, 1920, 
being made. These airplanes are being tested for service use. 


Kugineering division VCP-B, with 600 horee power Packard 
ipleted, tested and sntered in the Pulitzer race. 

. race with a speed of 188 miles per hour. 

me. — Delivery being made of this type 
Rscal year. Tests indicate ' 


The electrical synchronizer has received further tests and ia 
being made ready for production. 

Tbe 37 mm. automatic Baldwin cannon with flexible mount 
will be installed on service airplanes. 

Teste nnd improvements oontinuo on all armament apparu- 
tns outlined in program of work for last fiscal year. 

UATKRlALa BECTIOK 

An armored airplane, capable of resisting the annor- 
piercing bullet at 2,400 foot-seconds velocity, has been devcl- 


Program of Fork from Jan. 1921. lo July, 1921 

During these six mouths a strict and thorough supervisiim 
and inspection will be maintained over aU airplance, engines 
and aeronantical ^nipment now undergoing experimental de- 
sign and construction. 

Exhanstivo teste and necessary modifications and improve- 
ments will be carried on to prepare this equipment f-ir 
production, manufacture and servioe use. 

An experimental order for a three-seuter armored ground 
attack to be let. This airplane to be constructed of metal and 
to carry eight or nine machine guns and a 37 mm. cannon. 

An experimental order for s night bombardment airplaie 
with ' three Liberty engines to be let. This airplane is to se 
eonstrueted of metal and of intscnally-braced monoplass 

‘is Ei^rineering Division will carry on the study and de- 
sigu of a 1,000 hp. aeronautical engine. 

The Moss snperchaiger being bnilt under contract with ths 
General Electric Co. will be installed on the Liberty engines 
of the Martin bember and other suitable service types of 
airplanes. 

Suitable apparatus for carrying 2,000 and 3,000 lb. bombs 
will be install^ on the luge bombers. 

Variable and reversible pitch propellers and Miearta pzo- 
pellera will be eonetrncted in quantity and furnished for 


Engineering Division, in addition to the work ontUned 
will continue a thorough survey of all aeronantical 


eqnipment now on hand as a result of materia] B cc u m n l ated 
during the war, and devise methods by which this n 
can be used up economically. 


I'este and development of a 




Successful Test Flighte 

The Aviation Repair Depot st Montgomery, Alabama, is 
to be congratulated on the excellent work being dene at that 
station. Of five planes assembled at that station and flown 
in a test flight of one half an hour and then taken on a nix 
hundred mile trip not a single fault or defect was found in any 
plane. The trip taken was to Carlstrom Field. The eonnlry 
over which tbe planes were taken is about the worst to be 
found in the United States. For miles landing places w<,re 
not to be found. All the motors had been repaired and ovur- 
hanled at the depot. They all functioned perfectly and gs.ve 
each pilot a great feeling of eonfldenee over tbe worst forests 
in Florida. The success of the flight is attributed to the Do- 
operaton extended on the part of the personnel at the Avatiou 
Repair Depot Everything possible was done by them to 
make the ferrying of the ships from their station to Carlstium 
Fidd succcsaful. 
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UNANIMOUSLY RESOLVED 
COMMERCIAL AIRLINES — 


PILOTS AND OWNERS OF- 



Sary Hi 




POSSlBli revenue of from $250. TO 
$300. PER FLYING HOUR 
are THE_BEST^AVi^I^ 


nl I V IN A 


g R 1 r. A TO P. 


Aeromsrine Navy HS2L Open Cockpit — Model SS 


PRICE $6500, IMMEDIATE DELIVERY . 


A^omaru^ 


This u the celebrated HS2L Na\-y Coast Patrol Flying Boat converted to 
the requiremenU ol aerial photography, forest patrol, tinker scouting, surveying 
idng schools of fish for commercial fisheries, fire patrol, etc. 

To encourage commercial aviation the U. S. Covemment has chosen The Aeromarnse 
Eagineering A: Sales Company as the channel through which you may be allowed to pur- 
chase these beautiful boats at less than one third of what it cost to build them. 

The Aeromarine Company has invested hundreds of thousands of dollars in success- 
fully operating (lying boats for commercial purposes - All of this valuable experience is at the dis- 
posal of companies operating flying boats - The supply of boats is limited - Send for booklet and 
furtbcr information to-day - 


THE CANADIAN GOVERNMENT LAST JULY SELECTED ONE OF THESE NAVY BOATS OVi ALUED AIRCRAFT TO MAKE THE LONG FUGHT BETWEEN COCHRANE AND HUDSON BAY 


-^^omarmg^ 


nc, 


1800 TIMES BUILDING PHONES B^^SOS or 6147 

Aeromarine Sales Service Includes the Securing of 
ment Plan Which Makes It Possible to Pay for Tli< 


NEW YORK CITY 


Pilots and Mechanics. We Also Have an Easy Pay- 
in Part, out of Their Earnings. Wire - Write - Phone. 
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details will be provided in oertain sabdivUioDS ot Uie systei 
at or near landing fields and in tbe lading ont of «gos an 
letters. 

Stmie ot the uties along the model mate' are as follows wit 
their identification marfc^ opposite; 

Mabtijiko Seneeavifh 


Bethesda 

Bridgeport 

Byeeville 

Beailsville 

BnlTalo 


Hebron 

London 

Lore City 

Martins Ferry 

Neffs 

Newark 

New Concord 

Osborn 

Fataskain 

Philo 

Quaker City 
^nth Cbarlestoi 
Fairfax. Va, )u 
quarter mi'e sotrti 


U-17-A 8badysid< 
U-13-A-4 S. Zanesville 
M-14-A Springfield 
H- 3-A St. ClairsvUIe 
H-13-A West Jefferson 

M-66-B Yellow Springs 

M-15-A-1 Zanesville 
M-63-B ViBciKi 

M-16-A-3 Falla Choreb 
Ft Meyer 
0-94-B-3 Herndon 
O.S&.E Leeshaig 
0-96-E-5 Rosdyn 
0-88-E West Vi» 

0-96-B.4 Benwood ' 

0-76-E Cameron 
0-8S-E Charlestown 
0-44-E Elm Omve 
0-7R.E McMechen 
Monndavitle 


I Paw 
Wheeling 


0-74-E 

0-44-E 

0-15-F 

0-6+-E 

0-41-E 

0-66-E 


0-7S-E Hopwood 
0-90-E-3 Maaontown 
0-94-B-6 Millabnro 
0-66-E New Salem 
0-72-E “■ ■ ■ 

0-19-E 
0-61-F. 

0-68-E 
0-82-E 
0-2S-E 


Waynesbnig 
Or^naboro 
Pt- Marion 


0-78- E-» 

0-96- B-e 

0-66-E 

0-24-B 

0-92-B 

0-37-E 

0-22-F 

0-66-E 

V-81-B 

V-82-B 

V-79-B 

V-76-A 

V-83-B 

W.V.-tO-B-5 

W.V.-43-B 

W.V.-98-D 

W.V.-42-B 

W.V.-40-B-6 

W.V.-40-B-7 

W.V.-86-C 

W.V.-lO-B-l 

P-14.F-7 

P-26-F 

P-26-P 

P-14-F-9 

P-15-F 

P-12-F 

P-IO-F 

P-13-F-6 

P- D-F 

P-12-F-0 

P-14-F-6 

P- 6-F 

P-ll-F-8 

P-ll-F-a 


the field- 


. Va., 1 


• for 


eld 


just southeast of town. A large marker hearing tbe letters 
“LEESBURG. VIRGINIA", should be placed near the field. 

Blnemont. 'Va., eloee in toward the Bine Ridge Mountains, 
should prove an important I'nk in the airway, and has space 
for a landing field northeast of the city. The town itself is on 
a slope facing the northeaat. 

Berrwille. Va., just acroas tbe Blue Ridge from Washing- 
ton. has an adaptable field just east of the town. 

Charlestown, W. Va., has a landing field available north of 
tbe race track north of the town. 

Rockville, Hd., has a good landing field just west of the 
town but tbe stumps ahonld be removed from the center of this 
field. 

Romney, W, Va., situated in hilly eonntry, has a fair land- 
ing fidd on tbe river about two imica west of town near a 
small island in tbe river. A small emergency field ia also 
available bordering the west eection of tbe town. 

Keyser. W. Va.. baa a small landing field available for emer- 
gency landings about one mile east of town on the river. 
Keyser is sitnsted in extremely mountainous country and for 
that reason is an important link in tbe airway. This town is 
distinrtlv marked by its extensive railroad yards 

Cumbnland, Md., is easily distinguishable by a ' 

in the roountainr — *■' “■* *— i* • 

landing Held soi 


February 28, 1J>21 

itself is down in a basin on tbe river and surrounded by large 
mountains and peaks on all sides. 

Paw Paw. W. Va., lies just to the west of the hilly conotry 
and is distingoidisble by a largo red bnilding with a black 
roof. There is a good landing field about one mile north ot 
town on a bend in the river that should be developed. 

These points are all within the area of America's model 
airway and they should immediately get together and appoint 
a local landing field committee to deal with the Army Air Ser- 
vice in putting their own local necessary improvements into 
cxstence at once, America’s model airway most be finished 
by May. 1921. 

Hagerstown, Md., and Moundsville, W, Va., have already set 
a pace that will be hard to beat both in cooperation and pre- 
paration. Each has come forward with available landing 
Selda and preparations are now being made for erecting the 
hangars and gas and oil stations, and marking the fields. 


Radio School for Air Service 

The ns« of radio communication, both tel^rtaph and tele- 
phone, on the military airplane ia perhaps the latest applica- 
tion of radio science, increasing tenfold the usefulnesf of the 
airplane and already influencing the design of military aircraft. 
Ain>)anes have been called the eyes of the army but eyes with- 
ont means of instantly communicating images and impres- 
sions registered npon the retina would find but a limited sphere 
of application. It is in the performance of this function that 
radio finds such an important place in military aeronautics. 
The dots and dashes of the Morse code transmitted from the 
truiling aerial of the airplaue carry to the cars of the artillery 
battery <-omnmnder the correction for each shot fired, enabling 
him to group his bits on an invisible target with a de^ee of 

Squadrons of Attach Pursuit Planes can he maneut'ered in 
night by means of tbe wireless telephone from the airplane of 
the sqaadmn commander or from tlie ground easily as a com- 
pany of infantry is handled. By tbe same means, a machine 
engaged in aerial combat and outnumbered may call for as- 

Bombing planes lost in the fog or darkness are directed un- 
erringly 1” ihe home sinirome by the radio direction finder and 
airplanes w thout l>ilots, eontrolled entirely by radio, are al- 
ready a realiry. 

The Air Service of the Army, realizing tbe importance of 
this newest phase of radio, has estab’ished a school for the 
Ira’ning of jiersonnel to instoll, operate and mn'ntain the radio 
equipment of aiiqilanes at all the Hying fields throughoot the 
eonntry. Radio engineers and operators, as well as experienced 
amateurs, may qualify for attendance at this schoo’ upon a'>- 
plication to any army recruiting officer or to the ofBee of the 
Chief of Air Service, Washington. D. C. 


An Aerial Terminus of the Future 
Something very unique in the way of a terminal station for 
future traveling is suggested in Flight of Jan. 6, It is a 
picture by Roderic Hill showing an aerial terminus ot the 
“White Moon Line", raised aloft over a seaport. It is not a 
flat aerodrome situated on the surface, but is a_hi^ circular 
structure which towers far above tbe tallest buildii^ of the 
city. On its topmost circumference, platforms swinging on 
a circular railroad bed are carried by two rotating arms on 
which aero liners alight aud from which they take off. On 
the left of this great tower is a passenger elevator with two 
cars carrying passengers to and from the nubarking level. 
Inside this structure ia a huge elevator for lowering the aero 
liners foi- refitting and repair, end in its mysterious depths 
we can picture workshops lit by flickering arc lamp^ where 
hundreds of toechanics work busily day and lugfat. With such 
termini as this, sea captains df the future will be looking up 
at air captains as each in bis reapective craft draws near to 
exidiange or deposit the cargo in his care, and then it will 
be that the dreamer of today will behold the fulfillment of his 


The Klemin Amphibious Gear 

By Donald W. Mclihiney 



The subject of providing a gear to permit airplanes to land 
on either sea or land has received a great deal of attention 
abroad and was the subject of a government competition last 
year. Very little work has been done in (his country tunil 

Alexander Klemin & Associates, Consniting Engineers, New 
York, have developed a gear that fulfills this purpose. 

The device which was built with considerable skill and good 
workmanship by O. Elias & Bro., Inc., Buffalo, N. Y„ has 
been fitted to a Curtiss MF flying boat and the boat was taken 
ft the land several ti 


to a slide on the edge of tlie fin at the apex. When the wheels 
are down in the position for land work, the apex of this bra«T 
“V" rests against a stop on the edge of the fin. The stop It, 
in turn, braced to the side of the hnll by a faired steel tnb.>, 
and a wire cable. 

The tail akid and its meebauism, which were designed by 
Mr. Stnpar, Suiierintendent of Construction, G. Elias & Brc., 
Inc., are attached to a fitting mounted on tbe lower end of tie 
stem post. A special Btein post fitting was designed for the 
purpose, which distributes stress over a considerable portion 
of the after end of the hnll. This consists of s steel tul>e 
IV 4 in. diameter. 14 gauge, reinforced at the point of greatoit 
bending moment with a 1/8 in. wall stell tn^ which is held 
in place at a point near tbe center in a fitting wh>cb allows 
it to revolve upon its axis, in order to provide for side thrust. 

The fitting on which it is monnted is itself fastened to tlie 
tail post fitting in ?nch manner as to provide for vertical move- 
ment. Tlie lower end of a abort steel strut is also binged to 
this fitting at its lower end. The upper end is held rigjdly by 
a specially designed hook which engages a pin through the tap 
of tbe strut at either side and which in turn is held by a bait 
passing entirely tbrou^ tbe rear end of the hull, transmittiig 
the stress to tbe stem post fitting by means of extensions pro- 
vided for the purpose. The upper end of tbe tul akid is 
held to this strut by means of six wraps of shock absorber cord 
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■ the 


t ao raniLMted with the dram on the 
main shaft that it opentss in ponjanetioa with tl>« landing 
grar, BO tbat that- both ratraet sinraltanaonaly, and are easily 
operatad by tba pilot from the cockpit in IB see. time. This 
is a big featnre. aa s<»t« of the gears designed heretofore re- 
t|Rired a separate operating fori ' 

The retraeUble tail skid also . 
adding any nnneeeaaary resistance when the 
planing s|wed on the water. Alexander Klemin ft Assoeiatea 
iiavc stndied the application of this gear to a number of dying 
iKpat bulls, also to twin ponton madiinee; and have applied 
for patents on a variety of forins as well aa on the fundamental 
principle. Tbev are offering to apply sorb a gear to any 
(King boat or twin pontoon machine that builders or owners 
of such planes might be interosted in. 


Air Bombing and Futui 


III 


■mbs dropped, only a v 
e datraeti<» which it ' 


seems to be no limit to the sics of bombs, provided aircraft 
can be made large enough to cany and drop them. 

There is, also, no limit to their destruetiTe qualities. Of 
the general I'-pes referred to, the Demolition bomb, which, it 
the name implies, U meant to demolish, performs ito work el 
destraction by the blsst produced by the detonation. Such a 
bomb, weighing say 1000 lb., hitting almost 'any of the preant 
day factories would completely wreck it; for it must be botni 
mind, that these bombs have fuses which give ' ' ' 


t shrink from pointing out the obvious 
fart. that, by reason of the increasing development of military 
aircraft, the seenrity of the United SJtatea can no longer be 
gnaranteed from attack. While the limited radius of the 
airplane today gives the tliongfat of attack from that sonree a 
somewhat negligible quantity, tbe rapid development of air- 
craft of all kinds should serve to dispel sny prolonged feeling 
of security in the part of the United Statee. The recent sue- 
ccssfnl trans-Atlantic flights can be regarded as ample and 
sufficient warning of what mav be possible, at least in the 
future. 

In line with tbe food for thought contained in Oeneral 
Cox’s report is an article on "Air Bombing of Industrial 
Plants”, by Colonel William A. Borden, Chief of Aircraft 
.^rmament Division. oIRee of Chief of Ordnance, which ap- 
peared in “Army Ordnance” for Nov.-Dee., 1920. 

An editorial note preceding this article reads as follows: 
“The outstanding lesson of the World War was tbo controlling 
inflnence of munitions power, in contradistinction to man 
(lower.' Accordingly, it is highly probable that the straf^y 
of future wars will turn largely on attempts to destroy or 
diminish munition power by attacks upon industrial canters, 
or the methods available for this purpose, the most logical 
win undoubtedly, appear to be the dropping from airplanes 
. of huge bombs containing a ton or more of bigb explosives 
nnd cs|Mible of effecting complete effacement of the fsetories 
attacked.” 

Colonel Borden reminds us that "France, England, and 
other European countries were, during the war, subjected to 
nnnierons serisi attacks in which the main munitions used 
were bombs and although bombing was not highly developed 
even when boetilitiee ceased, considerable material damage 
resulted from these air raida. Tbe morale of tbe people in 
raided localities was lowered and the production of monitions 
and other necessary items of supply were interfered with and 
delaved." 

■'Although of the number of 
small (lercentage hit the mark, tbe 
poamble to effect by bombing operations was recognised and 
elaborate systems of defense were instituted partienlariy in 
areas where iru|>ortant mannfactnrdng activities were under 
way. Anti-aircraft equipment, aearehligbla, aviation patrols, 
and a svstom of warning signals were employed in the defense 
of these localities. Tbe important machines in manufsetoring 
plants were protected bv armor plate shields, other parts of 
the plant were protected by earthen embankmenfa and trana- 
veraes to limit tbe effect of flying fr^ento, while various 
systems of camouflsge were employed in screening tbe build- 
ing. However, in spite of tbe extensive means of defense, 
bombing raids were becoming inereamngly effective at the 
cloee of tbe war.” 

Describing briefly tbe general types as Demolition. Frag- 
mentation. and Chemical. Colonel Borden poinU ont that 
bombs weiring from a few ounces up to 1100 and 2200 lb. 
have actually been product, and states that the development 
of others which will weigh more is contemplated. There 


menta the wreckage of tbe building. 

That the work of destruction may be made qnito eompMe 
next cornea the Incendiary bomb, which produces a coofla, 
gration. 

If' we add to the list of horrible possibilities the Poisonau 
gas bomb which would attack the personnel and not matcciiil, 
and would seek ont the cellars, subways and similar places of 

onee-snpposed securit; ' - ’ 

obtained of what aer 


Directly bearing upon (be subject of this article by Colond 
Borden, arc reports that have appeantd recently in the press 
regarding devices for Inring aircraft away from cities, rann- 
ition plants, etc., by means of luminous camouflage. "Aa 
early as May. 1916," the New York Herald points out, ‘W 
lain plana were submitted to tbe British War Office, by Messrs. 
Dillon and Shellard. "Wbile the Dillon and Shcllsrd idem 
were not adapljed, they were pronounced i 
sincere praise c£ the National Defense,” a 
methods grouping incandescent projectors 
.. . .. .... French and " ” ’ 


operation both by tl 


I English. 


Flying Single and Twin Engined Airplanes* 


By Squadron-Leader R. M. HiU 


I feel that the following notes may prove of eome use, in 
view of tbe fact that considerable experience with mnlti- 
enriue^ airplanes has been allowed to accumulate without it 
being definitely brought together and analysed; and that the 
bast way to deal with their flj-ing qualities is to compare them 
wHh those of the riitgle-engincd type, on which most of us 
have been brought up. However, this experience is s6ll small 
compared to that of tlie single-engined type, which has formed 
the great bulk of airplanes that have seen service, and, so to 
spesk. our stock-in-trade of flying knowledge. 

Broadly speaking there is a similarity in the flying of all 
modern airplanes, but different types do need different hand- 
ling. and it seenos to me that the widest gulf lies between tbe 
flying of airplanes which have more than one engine and those 
ekirh have not. Having been brought up on the sin^e- 
Mjgincd tyiic, we might well be excused for thinking that onr 
ex|wricnce would be fully adequate to meet any contingency 
that might arise in the twin-engined type, but unices we use 
this ex(>erience with care, and select that only which is casen- 
tisUy applicable to the twin-engined type, there are pitfalls 
awaiting us. Later on I shall examine where this experience 
may help ns. and more important, where it may lead us astray. 
I shall advocate an appeal to first principles, to which a pilot 
■ "■ ith his head will inslincti'Pely revert in case of 


was granted 'to Joseph A. Steinraetz of Philadelphia, i 
invention the object of which “is to provide effective n 
for the destruction of aircraft by luring t 


There 18 no doubt that the twin-engine type involves greater 
coocentration in flying generally, simply beoau.se the pilot has 
more to look after; he has to cope with the difflcultics met 
with every day in the single-engined type, bnt in addition he 
mav meet with certain extra ones involved in the twin. Crushes 
en'twin-engined airplanes gave rise to an exa^erated idea 
' of tteir abnormal or dangerous behavior under certain con- 
ditions, the reason for which was bnt ^mly realized and highly 
(Oiored by quite nnjustifled feelinga If a calm appeal to 


speeds is bolstered up by tbe use of engine to assist the rudder 
for instance. If the same standard were demanded without 
any engine, many airplanes would fail to come up to it. I 
know cases where Handley Page, Vickers Vimy and even 
Bristol Fighter airplanes have been extremely difficult to 
manage when approaching an aerodrome in rough weather 
without engines or even with engine throttled right down. 
The engines had to be applied solely to render the control 
effective. This is taker for granted by pilots and scarcely 
thought about. 

Effm ol Eagiitt on Control 

Even tbe most modern airplane engine mav be controlled in 
two ways, firstly by the pilot, and secondly by mochanViiI 
faults, including faults in the petrol system. There wilt be 
two main considerations then; firstly, the effect of the engine 
on the airplane and the consequent movements of the controls 
aa the pilot varies the power at will, or for some paiticulnr 
purpose, and secondlv, the effect of sudden engine failui-i- 
If the pilot varies the power at will, he knows what he intend* 
to do and therefore has a general idea of tbe effect on the 
airplane. The effect will be foreseen in the first case, may bo 
violent and unforeseen in the second, and in general inflnencea 
the airplane in four wa'vs : — 

(n) The presence or shsence of slipstresm win by affecting 
the tail, influence the longitudinal and lateral trrm of the 

(b> SinralUuMmsIy the position of the thrust axis or axes 
relative to the center of gravity will do the same when the 
thrust is varied. 

(cl The engine torque varies ■with the horse-power devel- 
oped. and naturally affects small singles-ngined airplanes to 
. mnchjrreater extent than large airplanes. 

pic effect of a rotary engine may influence 


to draw the attack of bomb droppii^ aireiaft by simulatift; i 
importance which they do not possess, and in arranging anii- [ 
aircraft guns for sending projectiles over the device at vary- 
ing heighto,” 

Air Mail to Germany I 


> be expected as inherent 


(d) The gyroscopic 
the airplane when it i 

It will be seen from the above that i 
nature may be talcing place, with all of which the pilot i 




>ntrol of the air- iotrodnee 
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Cuxhaven to Bertin and (mints in the Rhine district of 
Oermanv by airplanes. 

The airplanes in question are capable of 
375 to 425 lb. of mail matter nnd when the mans sjH.'eisu, 
assigned for airplane service aip placed in dUUnotive saeb 
before dispatch from New York the steamship officers will 
hand these bags to tbe German air mail officials as soon ss tbs 
steamahip arrives in Cuxhaven. 

This airplane mail service will be continued from other 
vessels sailing from New York for Germany and tbe official 
bulletins of the Post Office Department from time to time wffi 
indicate what are the steamers to carry moils for nltiru^ 
delivery by airplanes in the Rhine district which includes 
Berlin among other prominent places in (Sormany. 

Senders in the United SUtes should specially mark any 
letters thev desire sent by airplane, “Dispatch by airpl^ 
from Cn-xhaven” and they will be given the benefit of this 


Bids on Amphibious Passenger Carriers 

BidB srv invited by C. P. Mayer, Bridgeville, Pa., in quaa- 
tities of one, three and five, for an amphibious passcagtr 
airplane. The bids must be in hy March 6. Specifications s^ 
conditions of bid be obtained from Alexander Kleiw 
and Asaoeisl^, Consulting Engineers, 22 East 17th Strs^ 
New York City. 


Control may be roughlv divided in t 
plane, nnd control of tbe engine or en$ 

I think that the key to the problem may be said to be the 
correct appreciation of how the two parta of the control re- 
set on each other. A failure to appreciate this, an attempt to 
treat suliconscioualy the two parta as separate involves grave 
eoofurion. It may be argned that a modern airplane is per- 
feetly .'nnlrollable without engine or engines, nnd that to make 
things fimpler the airplane control may be thought of uid 
snalyzcil alone. This statement is ■very misleading because it 
is so near the truth. Just where it falls short of the truth the 
difilriiliies commence, and in two main directions. 

Firstly, when the power is completely shut off, the two 
element- of airplane and engine control are moat nearly sep- 
arate in the pilot’s mind. Theoretically, with an airplane 
eoatrol complete in itself, a pilot might carry out any maneu- 
wr whatsoever, using gravity aa a motor. Even if the airplane 
eoatrol ,'onld be regarded as complete in iteelf, it has not up 
to the I, resent been made complete enough to meet effectively 
the eoinrol requiremeuta of the airplane between all engines 
on and no engines on. It is obvious that in some^^^M 

olhcrs, 'i-hich means that the pilot can only regard this as a 
gBrnin* difficulty which so far applied design has failed to 
OTacomc completely. 

Secoiidly, in practice, especially with twin-engined airplanes, 
the Birplau control is not, com^pleto in it^f. Altho^ ~ 


1 total 1c 


Bsibly 


«d in a forced landing 

ogini' or engines, in wtaica case the beet possible use nas to 
a made of it, in actual fact moet modern airplanes pass the 
ooept.’d standard of controllahility, when their oontrol et low 


Stnsle-Engfaed Airplanat 
.. in dettui the effect of engine on the 
control of multi-engined, it will be well to exam-nc ehorth' 
that of single-engined airplane*. This must he done just an 
far aa it affeets the pilot and his power of control over hia 
airplane. Take the fonr effects mentioned, the moat important 
of course is that of the Bli[>-streani on the tail. Aasuming that 
the tail portion consists of a fln and rudder, tail plane and 
elervatora, and that these ara partly in the slip-stream, variotw 
and sometimes unsymmetrical loads will be applied as the 
power varica. The air of the slipstream is washed downward, 
and also given a rotary motion by the propeller. If it were 
(>ossiWe to detugn the Bn symmetrically in the slipstream, there 
would be no force on it. However, in practice, this is verj- 
diffienlt to achieve, owing to angle of incidence of the ■wings 
when landing and other considerations. Therefore in nearly all 
modern airplanes there is a tendency to turn one way with en- 
gine on; in some airplanes violmtly, in others lees violently. 
Some of the former were provided with shock absorber on the 
rudder bar to relieve the pilot’s feet of strain. It was found 
possible to neutralize some of thU turning tendency by balanc- 
ing the upper portion of the rudder on the R.E.9 airplane. It 
was thought that as the upper part of tbe rudder wes dear of 
the slipstream, the balanced portion bad a nentrahzmg effrot 
owing to its an^e when the sUpstTeam was acting on the flu 
and the rest of the 


the action of the slip: 


e that it has t 
. propeller, the mon 
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turned ont with n propeller of a certain diameter, and exbibi- 
a violent tnn^ tendency. By increasing the diameter 
of the propeller, the turning tendency was reduced to reason- 
able pmpe^ions. 

Asaiit, the slipstream acts on the tail plane. Most modem 
airplanes are provided with a moveable tail, which is specially 
necessary on airplanes with high-powered cn^es, for the 
purpose of rendering the pilot’s airplane emitrol adequate to 
meet the control requirements from ragine full on to en^nc 
off. It should be noted here that the tail cannot be operated 
very quickly, especially in the case of a wheel control. That 
is <^y, if possible, a le^'c^ should be provided, apart from its 
other' advantage of registering the portion of the tail plane 
to the pilot. 

Slipstream act-ng on a tail aet at a native angle will 
render the airplane more tail heavy engine on than eitgine oR. 
Aceording to the design of the airplane this feature is in evi- 
• • - — '—5 degree. Pilots natuially like an 


dence to a greater or less d 
airplane which has s smalt d 




c of tl 


r the t 


But tl 


and nnsymnietrical ones were suddenly introduced. Any 
sudden change of trim may necessitate the use of the airplane 
controls to mamtain rectilinear flight, and the ease of doing 
whether the pilot is near to the margin of hU 


control or not, 
If the pilot i 


up his c .. _ . . 

, . the tail being held down, he natur- 

ally o|>ens the throttle gradually and pulls up hU elevators to 
their maxiiimm. The propeller, due to the poeition of its 
thrust axis, is trying to pull him on to his nose and he has to 
rely on the slipstream to make his elevators effective. It may 
he that his wlieels are far back in relation to the center of 
gravity and bia elevators will not hold down the tail. If he 
opens the engine suddenly, he ^11 certainly tip o: ‘ ’ 


1 the g 


to be its normal range of flying speeds. The 

greatest fault of the modem airplane is its inadequacy of 
control at low speeds, and if it is out of trim as well, the 
fnnlt is accentuated. 

With stable airplanes it is possible to ascertain immediately, 
whether tho tail plane haa sufficient range for flying reqmre- 
nmnls, aa the airplane with elevators free will take up definite 
stable trimmir* speeds, if they exist ; witfi unstable airplanes, 
or airplanes only stable at low speeds, the problem is more 
complicated, and it is necessary to measure the forces on the 
control stick. For instance, if a pilot flies an airplane mthont 
anv knowledge of its stability, he may find that it ia nose 
heavy with full engine at 80 m.p.h. If it were a stable air- 
plane, it would be certainly as nose heavy, if not more so, at 
60 m.p.h. 1 however, if unstable, it might quite well have a 
neutral trimming speed at 60 m.p.h. {no force cm the control 
stick) and be actually tail heavy at 50 ro.p.h. 

In most single-engined airplanes, the position of the axis 
of thrust unless the airplane be designed for some special 
purpose, does not affect tbe pilot nearly so seriously ss the 
effect of the slipstream. Its actual effect cannot be dissociated 
from that of tbe slipstream as it occurs simultaneously, but 
the axis of thrust is not usually at a great distance from the 
center of gravitv of the airplane. It should be noted that its 
effect may add to or subtract from that of the slipstream. 
Altbongb not strictly relevant to engine control, the effect of 
the opening or closing of radiator shutters, especially with 
nnderslong radiators, has a marked infloenre on the longi- 

The engine torque is in general a small effect. It was 
noticeahle on the D.H.2 when the engine was switched on 
snd off, and on other small span sirpbmc*- If cn^e is 
opened gradually the torque ia difficult to detect, hnt with an 
engine like a Monosoupape Onome, which is switched off and 
on without throttling, the effect on a small span airplane ia 
at once apparent. 

As far as I know the gyroscopic effect of a Urge roUry 
engine, with one or two exceptions, only arises now-a-da>-s 
with single-engined airplanes, and ao consideration of it 
hardlv assists a comparison with nmlti-engined airplanes. 
How^-er. on a sin^e-engined airplane this effc-* " '*'• ‘'' 
almost every natural maneuver that a pilot can r 

As the engine power is varied, its relations to 
control, aa in (a), (6), (c) and (d) have been . 
separate factors in a complex effeiet, snch as the slipstream 
the fln, or tbe position of the axis of thrust m its relation 


It fifty feet tbe 


t is felt in 
air]>Une 


e so closely 


interrriated. at least to the feel of the pilot, that 
wdi to consider the whole in relation to practical flying. 

It might first be mentioned that tbe pilot may be flying 
along steadily and nsing his controls to overcome nnsymmet- 
rieai forces doe to, say, slip-stream. Tbe slipstream may Re- 
appear due to engine fnilnre, and cause tte nnsynunetrieal 
foras to disappear also. Because for the moment tbe pilot 
has become accustomed to them, the effect is just as upsetting 
as if tbe airplane were subject initially to symmetrical forcea, 


it affected 


foils and its slipstream d 
once rodoeed in - 

oonneeted, the v 


of the ntiier i 
Bcutralize the 


in getting off, the engine (lOwer is being increased, 
and tlie pilot is sdjusting his elevators as the airplane gathers 
speed and the slipstream varies over his tail. As he gets off 
he will probably have to eonnteract the turning tendency with 
hia rudder, or he will swing badly. He may have a slightly 
over-balanced rudder, in which case, at a very low speed, tu 
rudder when acted "Upon by the slips' ’ ’ 

curious way, and cause him to awing fi 
Suppose wlicn the airplane haa rise 

engine fai*s; the absence of slipstrei 

]>o6sibIe tnil heaviness, and if the pilot is not quick wiin tus 
devators the air^ilane will automatically stall itself. Added 
to this, the pilot has been overcoming the turning tenden^ 
owing to the slipstream on the fln. with his rndder, and may 

ished. Thus he vrill tend to swing in the reverse direction, 
the force now being applied by him, His attitude in flight will 
then be hi^dy dangerous. 

If an incxperienc^ pilot fliea an airplane with a strong turn- 
ing tendency and a Urge alteration in longitudinal trim engine 
on and off he may do something like this-^he takes off wilA 
the tail wheel adjusted for climbing. Hr flies round, and 
before glid'ng -n to land be winds tbe wheel full back Ha 
throttles right down, glides in and Rnds that he is going to 
overslioot badly. He decides to open tbe throttle and go 
round again for another attempt. He foigeU, or has not time 
to wind the tail wheel forward. He finds that the nose goes 
up very easily, in fact too easily, the airspeed drops and a 
violent turning tendency develops. Before long he invites 
complete loss of control. 

Effect on MuUi-Enguied Aitplanet 
As was mentioned before, the following remarks will be 
mainly confined to airplanes with two axes of thrust paralld 
to the fuselage and approximately on the same level. Air- 
planes with three and four axes of thrust are just touched o 
The principles underlying the cETecte (a) and <&) nientioui 
are tbe same for all airplanea The engine torque (c) does n 
have much effect, while the ^roseopic effect (d) is hardly 
relevant nowadays to multi-engined airplanea Therefore only 
(n) and |b) will be elaborated. 

The effect of the engines in large airplanes is oonsiderably 
more imixirtaiit, as at present there ia no device in common use 
to assist tho pilot in overcoming the large forces which may 

(a) A modern twin-engined airplane may have a monoplane 
or a biplane tail, and from one to four rudders. Tlieae um.v 
be entirely out of, or parta of them may be in, either slip- 
stream. On most modem airplanes tbe propellers rcvolva 
tbe some way, and so both slipstreams have the some sense of 
rotation. Th«se apply nnsymnietrical forces to tbe tail, which 
could be nclitraiixed if the propellers revolved opposite way 
This was I believe done in the case of some early examples c 
the Handley Page 0/400. For economy tbe engines are no 
both made of t^ same hand. Tbe ^ect of slipstream 
similar to that on a single-engined airplane, only rather moi 
complicated, and of course larger forces relative to the pilot 


ting 


s been proposed in which the fins shoi 
»y that, if one engine faiU, the alipsir© 
tbe offset fln should, to some exte 


ning t. 


t up. 


ions that the turning tendency L 

St low spee^ for example, when the airplane is climbing, or 

is not possible to fly straight on one en^S until T certain 
a^ispcrd has been- attained. This airspeed is usually consid- 
erably above the normal climbing speed. 

(b) In a multi-engined airplane, the effect of the alipstreom 
is important enongli, bnt what is more important still to the 
pilot is the position of the axes of thrust. If there are two 
they must at least be just over a propeller’s diameter apart, 
and probably more if they are to be kept fairly low and the 
fuselage hss to come between. It must be remembered that 
the airplane lias to be controlled getting off the ground; and 
tbe lower the axes of throat, the less liable is tile airplane to 
tip on its nose before it has gathered sufficient speed for the 
elevators to be effective. 

Apart from thU, the fart of having these two axes of thrust 
disposed ns they are introduces unsymmetrieal forcea of the 
most violent dewription, if one engine fails. The violence in 
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is shon’d In o twin-ragined airplane the pilot haa mneh to occupy hti 
on. One of hia bands is ocrupied with the whei or 
.1 .-..i. .. ijunetion with his feet on the rudder bar. 

• loment's notice, so that Ihev 
; to operate. There are two 


r]>lan 

of the airplane, distance 


and tbe < 


(he 


difficulty. 

It will be on the rudders that the pilot will rely to help 
him if one engine faila If, added to this, he has one or two 
more axes of thrust disposed above the others, fresh compli- 
cations arise, and render the problem of control still more 
complex. His elevators will now be involved, and besides the 

of the top axes may introduce large forces. I do not think 
that unless a really reliable power plant can be designed it 
is fair to aak a pilot to cope with such a complexity of control, 
especially as it occurs on airplanes the size of which bring 
him, by reason of his lack of strength, tovrard the 
his controlling powera In a la^ airplane, control auriaccs, 
though efficient, if too large for the pilot to operate success- 
fully are bad enough; control surfacea small enough for the 
pilot to use, hut too mnall for the control requirements of the 

Three thrust axes parallel and in a horizontal plane have 
heen used with greater success, as the pilot should not find 
it so hard, owing to the inereas^ size of the airplane in pro- 
portion to the power of each engine, to use his starboard and 
center power unit or his port and center unit, or both outside 
nnitsi. thus always being able to fly without one unit. 

Thrust axes dUpo^ in a vertieed plane are not only difficult 
ia the fur, hnt much more so on the ground, where the (tilot 
hss to manage a structure which must run along the ground 
OQ its wheels to gather speed, and has to use his engine power 
to gain speed while his controls are ineffective owing to the 

In (retting to know an airplane with I'oriously disposed 
thrust axes, the pilot should thoroughly familiarize himself 
with the various effects of tbe engines on the airplane and hia 
power of controlling it under all eireumstanees, not wait fur 
an eugiiie to fail suddenly when he may be near to the margin 
of his control. Thus, when near to the ground, he will see to it 
that he keeps as well aa he can within tbe margin of control 
which lisppenB to be small ' ** ** * *” '* 


ncy. 


n the other 


Detail* oj Engine ControU on MaUi^Enginad Airplanes 
A consideration of the effect of tbe euginea on the airplane 
iturally leads np to a discussion of how tbe pilot controls the 
eaginen, and what means he has of knowing bow his engines 
bdinving apart from the feel of the airplane and the 
id of the enginea Wliat be ia immediately concerned with 
■ - his throttles, his revointioo indicators and the control of 
his petrol system. 


He*mui 

must be very accessibli 

kinds in common use^ c. 

by side, the other of one lever which opens birth engines at 
once, or can be rotated to open one and close the other. Them 
IS a difference of lyiimon among pilots as to which of these is 
preferable. The first kind has the advantage of showini' 
npproxmiately how much open ia each throttle, the second o;’ 
allo^ng the engine to be varied with greater ease. However, 
the pilot cannot tRl with great preoiaion 
engine except by On " ’ - ’ 


in tbe latter ' 

;hat is hapjw.. 

i^lano or by looking at his revolution indieatora To tboso 
•ho have not flown an airplane with two enpnes running sa 
iwrhaps may not be immediately; apparent that this 
ana of detecting quickly any ill 
l.ving a single-engined airplane bn 


• thing for the pilot to have one engine fail when near the 
nd. Naturally in any good design it U essential to keep 
of thrust as close as possible to reduce the pilot’s 


of . I 


pilot hi . 

behavior of an engine. 

ronstantly listcim to the engincT whieli' shoiJd umi w. 

least some warning if it ia going to fail. When both enginni 
are running at once it is quite difficult to tell if one enginii 
IS o^ot running as it should do, and tbe pilot is compelled to 
look at the reiolntiou indicator, or judge if the engine is 
missing slightly from smoke from tbe exhaust. 

It is snrpiising how well a pilot can lean to manage tho 
twin-lever type of throttle, if the levers are the right distance 
iipart, neither too close nor too far, but just so that he ear 
with a rotary movement of the palm of his hand push one 
lever back and the other forward. Sven on German airplancH 
'’’"here ^^throttlra were provided with ratchets, this was to 

Where there are four engines to look after, tbe differential 
type of throttle lever is almost imperative and the enginei, 
have to be run m pairs aa on the Handley Page V/1600. Thi 
essential thing to guard against is too much rotation of thr 
lever to open one engine and close the other completely. Thii. 
should in no cose exceed 90 deg. If it actually exce^ 180 
d^. as was the case on an early Vimy, the pUot may have 
me full open and the other clos^, and actually try to 
e lever the wrong way to equalize the engines, and 
simply jam the throttle. If this occurs when he must aei 
quickly he is in a difficult position. 

The system of wires and ro^ and the brackets which sup- 
!«.. s whip so 


port them should be designed with the n 
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the throttle lever. In complicated systems snch as are bound 
to arise on twin-engined airplanes, whip is liable to occur 
unless the system is well designed and fitted. If the pilot has 
throttled down and is landing and the airspeed is very low, 
one engine opening slightly on iU own owing to whip in the 
throttle control will eanse him to swing violently. 

Hitherto the revolntion indieatora, owing presumably to 
the nnrriiahility of long flexible drives, have been in nearly 
all coses fitted into the side of the engine unit. The pilot can- 
not see them both at the same time, and has to look ronnd flisi 
to one side and then to the other in order to do so. When 
taking off this is extermely awkward, and until a satisfactory 
transmission is obtained by which they can easily be fitted on 
to tbe dashboard, this serious difficulty wdll remain. For the 
pilot’s convenience on a twin-engined airplane a single dial 
wth two needles superposed, bnt revolving in opposite direc- 
tions, would be the neatest arrangement. He would be able 
to synebronize his engines with great precision and ease. In 
a four-engined airplane two dials wdth two superposed needles 
each could be employed. 

When flying a nmlti-engined airplane, probably the ideal 
way would be to open all the engines out slowly and te^cifaer. 
In practice, say with even four engines, pilots cannot & this, 
but always prefer to open one pair fli^ and then the other 
pair. This works qnite well if none of the thrust axes are 
high off the ground ; if they are, the awkwardness of opening 
the engines with low thrust axes and those with liigh thrust 
axes simultaneously will add to the natural difficulty of axes 
in such positiona 

A fieqnent cause of engine failure on multi-engined a'r- 
ploncs has been failure of the petrol system. If the petrol 
system is complicated, as ie often tbe case, no pilot ^oold 
tcAe tbe airplane into the air without spending snSleient timu 
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in some cases the petrol sjrstem has >n tl 
et bandlinK b? the pilot. Even if the bat 
me in stadj-ing it, there ma? be ezten- B 


on the to f 

every detail. In some cases the petrol system has failed owing 
to a mechanical defect. I 
failed owing to incorrect .. . 

pilot baa spent some time in stadying it, 
oating eimunatanecs attending a failnro to handle it eoireetly 
in the air, owing to the pilot’s mind being so oocnpied. 

In very large airplanes the petrol system is nsnally handled 
by a mechanic, wbo ia <mppo^ to anticipate the pilot’s re- 
qairements, so that whatever the pilot chooees to do with the 
eogmes, he may have an adequate supply of petrol. In this 
caae the pilot is left considerably freer to look after the 
airplane, bat owing to the increased sixe and norober of en- 
gine, be has still a great deal to do, eselnding the drain on 
his physical energy owing to the we^t on the controls. 


war requireinents, that is 
I still workable whm parts of i 
y gonitre, that petrol systems 


a physical 
It was largely 
dering the pewl 

complicated. Peaw’r^tOTme^W demand a 'return to the 
aimplest kind of system, and one that imposes the least possi- 
ble strain on the pilot. Unfortunately, the most likely Ume 
for the petrol svstem to give trouble on an untested airplane 
arms when it was talcing off the ground et s low s|>eed, as the 
trouble which could not be deleeted or located when running 
upon the ground arose as soon as the airplane eoinnieneed In 
fly. 

Proctiotl rtying No4n on Ttcin-EnginoJ Airplnntt 
These notes are based on flying experience with the Handley 
Page (1/400 fitted with twin Rolls Eagle VIII. engines; an 
experimental one fitted with four 200 Up. Htspano engines 
mount^ in tandem pairs; the Viekers Vimy with twin Fist 
and trvin Rolls enginea; the German A.E.O. Bomber, and the 
n.H.lO with twin Liberty engines. 

The Handley Page 0/400 was introduced and flown for a 

le on service without any serious troubles being 

.» turning tendency caused by engine failure 
on twins. Tbis was mainly due to the fact that relative to 
the power of its engines the airplane was of large 
if one engine dropped revolutions the 
not violent, the whole sirplane be^ 


onparatively slug 


ency entirely 
for the some 


find it diflleuJt to open the enginea out evenly, either with 
the twin-lever type or the diflerential type of throHle. Whip 
in the throttle control of a single-engin^ airplane is annoviiig 
' ' ' serious diffleulty to the pUot as in a twin. 

attempting to taxi ont on a twin that has not been 
tested the pUot ahonld take all preparatory measures that are 
possible on the grousd to ensure that his petrol system will be 
satisfactory in the air. If the petrol is pumped up to a gravity 
tank wbieb feeds the engines, be should make sure that lbs 
delivery from the gravity tank is considerably in excess of tbs 
amount roquiied by both engines by taking the petrol flow at 
both carburetors simultaneously, both with the tail skid on tbs 
ground and the airplane in flying position. If be is sure of 
an adequate flow from his gravity tank, then be ia anre of 
enough petrol to tide him over the first few hundred feet of his 
c-limb, which U the difficult period from the airplane point of 
view. He should run up each engine sepaTaMy so that he 
may listen to it without being oonfnsed by the noise of both 
running at once. He should make sure that his throttles work 
easily and do not slip backward or forward when the band is 
removed from them. 

It is always wise to taxi for a certain distance before taking 
off (even though it is possible to take off from the positiou of 
running up) so as to give the petrol pumps (if the pelrol 
system includes them) a chance to work a little. It ia then 
possible while taxying to give one or two bursts with each 
engine to see how it opens out, allowing the airplane to swing 
ronnd either wav. 

Unless the pilot is not only accustomed to the type, but is 
also familiar with the particular airplane, it is unwise to 
attempt a fancy take-off, such as acroes wind wiUi one wing 
down, or by opening the throttles violently and polling tbs 
airplane off the ground at low airspe^. Tbis may be done 
" a single-engined airplane without involving much risk if 
™ pen the throttles g 




d rudders, though sometimes . 

ly cwnplained of. These rudders 

le the airplane to swing from side to side 
-vben talcing on tne ground, and if they were abandoned in 
the air, tbev immedi^y took charge and set op a violent 
swing. There was, however. litUe force required to prevent 
them doing this. 

Nowadays Handley Page airplanes have the propellers both 
of tbe same hand; some earlier examples bad propellers of 
opporito hand, and the difference between the two nrrsnge- 
menU waa felt bv pilota. There is a tnming tendency due to 
slipstream, which, though not very marked, can be detected 

when both propellers revolve the same wny. •— “ 

pellers revolved oppoeite ways the turmng t< 
disappeared. 

It was when airplanes of smaller dimensio: 
power were flown that the first serious trouble arose uue uj me 
^urc of one engine. The Vickers Viniy and the D.H.IO 
both swung violently round if one engine failed, tlio latter 
more quieklv than the former owing to its small am-. If the 
pilot is taking off the ground and has not had time to ^in 
sufficient airspeed to fly strmi^t on one engine. t»^ obvi^s 
♦hi„f to do if one engine fails is to throttle the oilier n^t 
down, and if ha cannot, by putting the nose down, attain this 
speed before bring compelled to land, h<- must lend wherever 
be is There is no other alternative. Not only is this tbe ease, 
but he must be very alert in throttling down the ei^e that 
is still running, or otherwise be will find that the airplane is 
swinging ronnd flat, and thus his longitudinal control hsa 
loritanrii of ita power; in fact, on an rirplane like « D.H.IO 
the safest thing a undoubtedly to switch the engine off. This 
coarse immediately deprives the pilot of the a^anro of any 
engine power, and if he can afford to control the airplane with 
the engine throttled down and not switched off, bis ^ide is 
flattened and he has more chance of landing on a good piece 

ia any wUp in the throttle control the pilot will 


a gently 

lough to 

it of this, and even when he baa left tbs ground should 
the nose down near the ground until be has attained an 
airspeed of 60 nup.b. If one engine fails and be is 15 feet 
off the gronnd doing 46 to 50 m.p.b., he has no chance what- 
ever of controlKng the swing of the airplane. He has onlv 
try this at a safe bei^t by switching off one emgine at 
varions airspeeds from SO m.p.h. upward and be will soon find 
out his power of eontrolUng a swiog. A D.H.10 will swing 
throu^ 00 deg. in abont 3 sec. if one engine U switched off 
at 50 m.p.h. Tbe safest way to take off is with one hand on 
the throttles so that if one engine fails the throttles may both 
be pnlled back. If the pilot puts the nose of the airplane 
down it will then commence to glide, and if he has snfficient 
height to attain the airspe^ at which he can fly reasonably 
straight on one engine, assisted by a jndicions use of bank, 
he can then again open out his sonnd engine and use it to 
carry him on and effriit a landing on go^ ground. If he 
is verv near the gronnd and an engine fails, even before he 
ran throttle down tbe other engine the airplane will have 
-.wnng through a certain angle and thereby considerable drift 
will have been set up, which if there be no room to sideslip, 
it will be impossible to eliminate before tonching tbe ground. 
Thus be is alnioqt certain to damage his nnderearriage, thoi^ 
I-robably nothing of a more serious nature will occur. 

When taking off in bumpy weather the airplane is slewed 
about in tbe bumps, and tbe sonnd of tbe engines is always 
less regular than in calm weather. This adds to the pilot’s 
difficulties in deteeting a faulty engine as ha can only tdl 
it by tbe feel of the airplane, the sound of the engines or by 
the revolution indicators. His first method of knowing is 
impaired by the bumps, as a bad bump sometimes feels aimilsr 
to a swing under the influence of engine, his second method 
bv the irregulsritv of tbe sonnd of the engines in gus^ 
wither and hy the fact that both enginea are running togetbCT 
nnd the sound of the good one obscures the sound of the bad 
one. and his third method by the fact that it is very awkward 
to look round at tbe revolntion indicators, especially when be 
cannot tell by other means which is the defective engine. As 
Isid ont in detail, these diffienHies appear of the grsveri 
nature, In practice an intolligent pilot bos always bis flying 
instinct to help him, which is a vary difficult thing to define, 
but it is clear that the grestaet caution should be exeirised due 
to the special characteristics of this type of airplane. 


The Italian Balloons of the G. B. Racie 


The Italien free balloons Audene and Trionfale which par- 
ticipated in the ninth Gordon Bennett race, last snimiier 
marked an interesting departure in balloon design from stan- 
dard practice. Owing to the courtesy of Lieut. Col. A. Gui- 
doui, Italian air attsi^e in Washington, D. C,, we are enablol 


They a 


ing par 




f of spherical form, with a 
5:» rt. o in. and eapneity 77,500 cu. ft. 

3A80 lb. Tbe valve has a diameter of 2 ft. 4 in. ; the 
pniiel has a length of 28 ft. 

Tbe most peculiar charactoristic of these balloons is 
light weight, which is due to the absence of a snspensior 
Che hasket heing rigged to a steel cable fitted aronnd th 
vriope 6 ft. below the equator. This cable forms 96 


diameter of 


As the efficiency of a free balloon is measured by the rB.'.i 
of baUsst to total weight, the Italian balloons appear very n 
markable indeed, for their eSlcieney ratio is 0.61. This i 
we believe, the highest ever reached. 



piimhols whose vertices support tbe cotton wires that run to 
the suspension circle and then to the nacelle. This system of 
sn.v|icimion has the. farther advantage that if the envriope is 
ripimd the lower part of the same acts as a parachnle and thus 
slows down tbe descent, 

The fanile of the upper hemisphere is double and that of 
til,' lower hemisphere is single. The basket is 3 ft. 4 in. high 
and wide and 4 ft 4 in. long. 


England to Subsidize Air Transport 

Rei>orts i-oming to the United States indicate that tbe Briltah 
Govenuuent at last has followed the policy of tbe French and 
German Governments nnd has taken a step toward the devel<<p- 
ment of civil as-iation. This is indicated by an annonneemimt 
from the Air Ministry of a grant of $300,000 a year i'or 
direct assUtanee to companies eng^ng in air traffic. The 
Advisory Committee su^ested twice that amount, bat while 
the grant ia small it is looked npon as a step in the r^;ht di- 
le which will serve as an inspiration for pn^rcss. 
is available for companies operating over appro- 
.w,. ..—s on a baais of 25 per cent of the total revei.ue 

earned by carrying passengers, mail and freight. The grunt 
hci-ome* effective the firet of next year. A company in order 
to obtain the benefit of the grant must show that it has devel- 
oped business nnd flying time equal to a certain minimum 
which will be stipulated under the rules of tbe giant, and it 
must use aircraft of Britah manufacture fitted with British 
made engines. 

The routes thus far approved are all trans-ebanne! flights 
to Paris, Brussels and Amsterdam, but extensions and nd- 
ditional routes are planned, and will be annonueed before -Jie 
grant bw-omce effective. 

The grant comes just in time to prevent a big decline in 
British- aviation development. Recently two companies sus- 
pendc-d businmw and aviation in England generally •was in a 
• ad way. It ii now hot»cd that the two discouraged eompun- 
■s will trj- again and others will enter the'fielA 

nmeh in developing French civil aviation, and tb<re- 

fore advanced considerably, while Britain dropped beck. 
Germnny also has made much headway, hut berth these- cccin- 
tries have the advantage of inland routes. This has resulted 
in a growing demand for the development of intar-iriand 

It is urged that the grant should stimnlate the use of real 
commercial aircraft designed for that purpose and carrying 
big loads with a minimum of power used. War time mach- 
ines have been the greatest drawback to the development of 
commercial flying since these eraft are not a snitable type to 
make anch a business profitable. 

F. Handlev Page has expressed himself as pleased with the 
Air Ministrj'’s announcement, and said that although the giant 
waa small it was a recc^ition by the Government of the value 
of civil aviation. He said tliat his company would now be 
able to stand on the same ground with foreign eompanies. 
"Previously in dealing with any country which hod sen-icea 
subsidised 'by the Government,” Mr. Page said, “there was no 
guarantee on nnr side that our service would have the anpi^ort 
of our Government in any way. Now we have a defiiite 
starting point and a definite guarantee if a certain amoonj; of 
freigtit is fortiieoming.” 

Mr. Handley 'Page said that one of the moat important 
iKiints waa that if it is possible now to make a profit at tbe 
present wale of charges without carrying fall loads, tbe Hob- 
aidy by making up ilie difference would permit a rednetioii m 
vha'rgra nnd this in turn would inerense the volume of traffic 
to such an extent that the'business could be launched on a pro- 
per paying basis. 


Brief History of Launching Catapults 


Catapalts wm 

hl^E’ before thAt. 
The first Atten 
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plAne fi 
WAS not soereeAfal. 

The first sacreesfnj fii^t of an airplsDe made from what 
mi^t be termed a eatapnlt was made by Orville Wnsbl, 
Kitty Bawh. Dee. 17. 1003. This drvire was an inelined 
mnnomll with two rails uatboard which aaeisted in balancine 
the plane lateralUy. The plane was released by a triieger and 
accelerated by the use of gravity, which assisted the plane 
along the monorail. 

The idea of applying the catapult for nse in the Navy was 
Hrst soggevted in 1011 by Capt. Washington 1. Chambers, 
who was at tbat time in charge of the development of Naval 
Aviation. .Assisted bv Lient. T. O. EIIys<», U. S. N., the first 
Naval Aviator, Naval Constructor H. C. Richardson. XT. S. N., 
and Admiral N. C. Twining, U. S. N. of the Bureau of Ord- 
nance, s catapult was deveIo)>ed under the euperviaion snd 


Csrolina, sn armored cniier. This was done hurriedly under 
hU direction and several successful launchings were msda 
from the catapnlt on that ship. Captain Hustin being tbr 
officer to make the first flight. .Authority was then obtained 
by Captain Mostin to drmgn and install an improved type of 
catapult on the North Carolina. This work was complstsd in 
1916, and many sueceoafnl launchings were made from this 
catapult, Lieut. Comdr. G. deC. Chevalier being the first officer 
to fly from this catapnlt. 

The Navy Department then installed catapults on the arm- 
ored cruisers Seattle, Ilantington and North Carolina. During 
the early winter of 3916, successfid fiigfats were made frooa 
these ernisera. At the time the United States entered the war, 
gons were thought to be of far more importance to the arm- 
ored cruisers Uiu the catapults and aircraft with which they 
were then equipped, and as these catapults and aircraft inter- 
fered slightly with the gunfire of the ship, orders were given 

In order t^t the aviators mi^t receive training in ^ne 

launched from a catapult, one of these was installed on a 
barge at Penaacola, which was the aviation school, and was 
used extensively in training aviators to fly from eatapnits. 
This is shown in the Bccompsn\'ing illustration. 



AIRCHArr IM'NCHINO CATArVIT lySTALLEIl OS A BABOE AT PEMSACOLA, EM. 


direction of Captain Chamben at the Washington Navy Yard. 
The first attempt to launch a plane was made at Annapolis and 
was a failure. As a result of this test, however, certain defects 
were discovered and corrected in a second catapult which was 
built at the Washington Navy Yard out of scrap material, and 
two Bueceaefnl flights were made from this catapult by Lieu- 
tenant Gllyaon. The first flight was made on Nov. 12, 1912, in 
a Curtiss hydro-airplane, and the second in a Curtiss flying 
boot. 

A means of flying from an inclined single steel wire, with 
two lighter steel wires mipporting the plane laterally, was 
sue ceae fnlly demonstrated by Lieutenant Ellyson at Ham- 
monds port, but this was not farther developed because it was 
not eonsiderod practicable for use from a ship, particularly if 
the ship was rolling. 

Due to the lack of funds snd lack of inf cro i t in aviation on 
the part of the Navy Department, as well as to the beginning 
of the World W ar. no further actual experiments were carried 
out until 191fi, when a new and larger catapult designed by 
Naval Constructor Riefaardson of the Bureau of Construction 
and Rraair, and which further eliminated some of the faults 
of the first catapult, was installed on a barge at Pensacola. 
From this seven or ei^t sneoeesful launchings were made, 
Idest P. N. L. Bellinger being the first oflRrer to fly from this 
catapnlt. 

As a result of these sneeeesful tests, authority was obtained 
by Capt. H. C. MusHn to install this catapult on the North 


In the first Navy catapult, the car upon which the plane 
rested was permitt^ to leave the track and fall into the water 
at the end of its run. In the later design of catapult, attempts 
were made to stop the cor after its run by means of brakes 
and buffem, in older that it migfat-be used again, This wiu 
not at first successful, and in the catapults installed upon (be 
Seattle, Huntington and North Carolina, the ears were again 
permitted to leave the traek and fall into the water. In order 
that they might not be loet, means were provided whereby the 
ear automatically picked up a rope at the end of the run. 
which permitted its being hauled aboard after it fell in tbe 
water. Naval Constructor Richardson, who assisted in the 
design of all catapults for the Navy, rantinued to search for a 
practical means of stopping the car at the end of its run, and 
it may be stated that he has perfected a means of doing this. 


Training Course at A. S. Mechanics’ School 
What is believed will mean a material gain in the efficiency 
of the Air Serviee Mechanics' School at Kelly Field ia the 
addition of a couiae of mathematical instrnction to every 
course taught in this seboot. The eonrae includes elementary 
mathematics np to arid inelnding the principles of algebra and 
geometry. Every student entering tine school for a eonrae 
must first complete this elementary work before he can apeeiid- 
ize on any branch of aviation. 
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NLY a performance so ob- 
viously above the usual as 

to be really outstanding can 

reconcile the distinct preference 
aviation experts show forV/right 
Aeronautic^ Engines. 

A greater speed with lower cubic 
inch capacity — flexibility that al- 
lows for quickest manoeuvring — 
a safer landing speed — a greater 
length of “life" in flying hours - 
prove that no one factor in its de- 
sign is responsible for its ru^ed, 
trustworthy performance — but 
rather a combination of carefully 
designed units that bear their rela- 
tive responsibilities. 

Wright Aeronautical CkiRPO ration 
Patesaon, N. J. 
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Fahrig Anti-Friction Metal 


The Best Beariag Metal on the Market 
A Necessity for AeropUme Service 



Fkhrig Metal Quality baa become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
and-friction qualities and great durability 
and is always uniform. 

When 3TOU see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 

FAHRIG METAL CO.,34 Commerce St,N.Y. 
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A SAFE CLOTH far FLYING 
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WELLINGTON SEARS St CO. 

66 Worth Street, New Yerk 
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